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ABSTRACT
Coastal waters are under increasing pressures from surrounding human populations. Effective 
management of these systems requires an understanding of the current condition of the system, the 
pressures causing change in condition and the impacts of these changes on the surrounding population.
To gain this understanding, a comprehensive monitoring and assessment program is needed. We have
developed a monitoring and assessment program framework that synthesises information on the 
current condition, pressures and vulnerability of coastal systems and the value of the system to people.
This integrated information can then be used to determine management priorities both within and 
between coastal systems. The proposed framework is based on the Pressure-State-Impact-Response
(PSIR) model, but also includes the vulnerability of the system to each of the pressures. A key feature 
of this framework is that the links between indicators of pressure, state and impact are clearly
identified. This makes the selection of locally relevant indicators easier and increases the ability of
users to interpret changes in condition by associating it with particular pressures and thus recommend
appropriate action. The framework will allow users to report on overall condition (using indicators of 
water quality, biotic condition and habitat extent), pressures, risk (relating vulnerability of the system
to pressures) and on social and economic impacts. It also enables users to report on the progress of
actions targeted at reducing the pressure of specific stressors on the system.
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Key learnings:
1. It is essential to incorporate pressure indicators in environmental monitoring programs, in order 
to assess the underlying causes of changes in condition and identify suitable management actions. 
2. Links between pressure, state, impact and response indicators must be clearly identified and 
quantified as much as possible to be able to determine management actions appropriate for 
improving condition. 
3. Incorporating information on impacts of environmental condition on human values (social and 
economic impacts) provides important information that can be used to prioritise management
actions.
INTRODUCTION
Coastal ecosystems worldwide are under pressure from growing human populations. To effectively 
manage the pressures, managers need to understand the condition of the coastal ecosystem, pressures 
impacting on the system, the likely changes or future condition, and the effects of current and future
condition on the human population inhabiting the region. To effectively manage the impacts of these 
changes, comprehensive monitoring of attributes that can be related to manageable pressures is
required. Monitoring results should be couched within an effective reporting mechanism and we 
believe this should fall within a decision support framework which assists managers in reporting and 
identifying appropriate management actions and their success.
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Many monitoring and reporting programs have been developed for coastal ecosystems, using a variety
of frameworks. The pressure-state-response (PSR) framework and variants has been widely used for 
environmental reporting (Turner, 2000; Bowen and Riley, 2003; Bidone and Lacerda, 2004). Pressures
are defined as those factors that act directly on the ecosystem and may cause it to change, state
indicators relate to the condition of the ecosystem itself, and responses are human management or 
policy actions that aim to address (reduce) the pressures.
In Australia, the National Strategy for Ecological Sustainable Development, endorsed in 1992, calls 
for regular national State of Environment (SoE) reporting, which is based on the PSR model originally
developed by the OECD (OECD, 1993). Indicators for ‘Estuaries and the Sea’ are grouped into eight
classes: protected and cited species/taxa, habitat extent, habitat quality, renewable products, non-
renewable products, water/sediment quality, integrated management, and ecosystem level processes
(Ward et al., 1998). Although the PSR framework is designed to be cyclic, in that pressure indicators
affect state indicators, which affect responses, which affect (decrease) pressures; there is no 
information given in the Australian SoE literature on links between the pressure, state and response
indicators. It is therefore difficult to interpret changes in individual indicators in relation the condition
of the whole system, and difficult to assess potential management actions. There is also no information 
provided on how to select the indicators that are most appropriate to local systems, and little
information on acceptable or expected values for indicators (i.e. what do the indicator values mean?).
Bricker et al. (2003) assessed the estuarine trophic status of four estuaries in the USA and three in the 
EU using the Assessment of Estuarine Trophic Status – ASSETS model, also based on the PSR 
framework. The aim of their methodology was to provide an assessment that incorporates primary and
secondary symptoms of eutrophication as well as measures of anthropogenic nutrient loading and
future pressures. An index of overall eutrophication condition and an overall five-point grade were 
produced, with a recommendation that susceptibility and future scenarios should also be included. 
Although this is a useful model for eutrophication, other pressures are not dealt with in this model.
Bidone and Lacerda (2004) use the driving force-pressure-state-impact-response (DPSIR) framework
to evaluate sustainability in a Brazilian coastal bay. In the DPSIR model, the driving forces are 
physical and socio-economic factors that lead to pressures on the ecosystem, and impacts are the social
and economic effects of the condition of the system. This study presents an excellent example of
quantified integration between biophysical and socio-economic indicators. However, no overall
assessment of the systems’ condition is given. 
Several other assessment frameworks have also been developed. These typically include only
indicators of condition, and do not incorporate pressures or socio-economic indicators, though they do 
frequently provide methods for integrating the results from several indicators into a single index based
on several initial categories of indicator (Cooper et al., 1994; Ferreira, 2000). 
It is clear that no single framework is currently available that is capable of meeting all the 
information needs of managers. Therefore, a framework is required that includes the 
assessment of pressures, condition, socio-economic impacts and the current and future risks to 
the system, and that provides sufficient information to interpret changes in condition and
recommend appropriate management actions and priorities. This project aims to develop a 
system that meets these requirements in relation to Australian coastal waterways.
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COASTAL ASSESSMENT AND MANAGEMENT SYSTEM
Aims and objectives 
The overall aim of the project is to provide an integrated reporting framework for social, economic
and ecological indicators that can be used to assess condition, risk, management actions and priorities 
for coastal, estuarine and marine ecosystems in Australia. Specifically, the project objectives are to 
develop a method for setting management priorities for estuarine, coastal and marine waterways that: 
? provides a framework for selecting indicators relevant to existing pressures and ecosystem type
? assesses the current status (condition) of waterways and the pressures on the waterway
? links the condition of the waterway clearly to pressures 
? identifies the causes of waterway degradation that are amenable to management
? assesses the vulnerability of the waterway to current and future pressures (risk assessment) 
? identifies the value/significance of the waterway to the community
? can be integrated with assessments of social and economic condition to form an overall
assessment of the biophysical and human components of the system; and 
? meets the information, management and reporting needs of all stakeholders (i.e. community,
industry, scientists, managers, politicians, etc.). 
The framework developed here is the Coastal Assessment and Management System (CAMS). CAMS 
comprises three main parts – the indicator selection framework, the assessment system and the
reporting framework. Each of these will be described in turn. It should be noted that the indicator
selection framework has been developed, and work is proceeding on the assessment system and 
reporting framework.
Indicator selection framework
The basis of the indicator selection framework is given in Table 1, and is described more fully in
Scheltinga et al. (2004). The indicator selection framework is organised into categories based on the
‘stressors’ affecting waterways. Stressors are defined as physical, chemical or biological components
of the system that when changed can result in the degradation of natural resources.
The first step in indicator selection is to identify the stressors that are relevant to the local system.
Pressure, condition, impact and response indicators are then identified for each stressor using the
indicator selection framework (an example of the framework for nutrients is given in Table 1). This
process provides a comprehensive list of indicators that would be appropriate to monitor in that system.
Further information, such as cost, ease of data collection and interpretation, or availability of existing 
data, may then also be considered in determining the most appropriate indicators to monitor.
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Table 1. An example of the indicator selection framework for nutrients. The full framework is 
available from the authors on request. 
Stressor Nutrients (change to load, bioavailability, concentrations)
Indirect pressure
indicators
Catchment landuse
% of length of stream with healthy riparian zone
% of sewage treatment plants without tertiary treatment
Volume/number of sewage overflow events
% of area under aquaculture
% area using septic systems
Direct pressure
indicators
Total diffuse nutrient load entering the system (monitored or modelled)
Total point source nutrient load entering the system (monitored or modelled)
Physical-chemical
condition indicators
Total and dissolved nutrients in the water column OR
Total and dissolved nutrients in the sediments
Biological condition
indicators
Algal blooms OR
Chlorophyll-a OR
For seagrass and mangroves: biomass, or number per unit area, of epiphytes; or
For intertidal sand/mudflat: benthic microalgal biomass; or
For rocky shores, rocky reef and coral reef: biomass, or number per unit area, of
macroalgae
Habitat extent Extent/distribution of subtidal macroalgae
Social and economic
impact (aesthetics,
health, fishing,
aquaculture, recreation)
Number/frequency of algal blooms
Suitability for aquaculture
Number/frequency of recreational area closures
Number of visitors to recreational areas (mangroves, reefs etc) 
Response % of farming area using Best Management Practices (BMP)
Upgrades to point sources
Length/area of riparian zone rehabilitated
% of septic systems correctly maintained
Incentives provided for converting to best management practice
Reduction in the amount of fertiliser applied per unit area 
% of urban area under stormwater management plan
Assessment system
This stage uses available data to assess the condition and vulnerability of the system and the pressures 
which influence the system. The objectives of the assessment stage are to provide information on the
current environmental condition, and to determine appropriate management actions and priorities for
improving or maintaining that condition.
Pressure, vulnerability and state indicators are required to provide a comprehensive assessment of
condition. Pressure indicators are required to determine whether the cause of poor condition is 
anthropogenic, and therefore amenable to management. They may also be used to predict condition
when actual condition data are unavailable. Vulnerability indicators are required as the effect of a
particular pressure on a system often depends on natural features of that system. For example, in 
estuaries, the likelihood of an algal bloom resulting from a particular nutrient load will depend on the 
flushing rate and size of the estuary. Similarly, the impact of fishing on the sustainability of fish 
populations may depend on the breeding rate of the fish species targeted. Combining the pressure and 
vulnerability assessments provides a risk assessment, which is essentially equivalent to the expected 
condition of the system. An example of this process, as used for nutrients, is shown below (Figure 1). 
This risk assessment is then compared with the observed condition. This provides a check on the
assessment process (Table 2), and provides a more robust assessment than relying on condition
indicators alone. The risk assessment method can also be used to assess the likely impacts of future 
pressures under different scenarios. 
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Figure 1. Risk matrix for nutrient (DIN: Dissolved Inorganic Nitrogen) load versus estuary residence 
time (matrix based on data from lake Macquarie and on modelled data by NSW DEC and CSIRO). 
Pressure indicators are used to identify appropriate management actions for improving systems in poor 
condition. When particular symptoms of poor condition are identified through the condition 
assessment, likely causes can be identified by examining the levels of related pressure indicators (and 
vulnerability indicators where appropriate). The linking of pressure and condition indicators enables
differentiation between potential causes of changes in condition. Therefore, appropriate (targeted) 
management actions may be initiated more quickly. For example, an increase in nutrients in an estuary 
may be due to increased sewage discharges, increased agricultural runoff or increased urban runoff. If
these pressures are measured concurrently with condition, it is much easier to determine the cause of
the change in condition and therefore potential corrective actions. 
The third stage involves assessing management priorities. The impact of the observed condition on 
human values (recreation, aesthetics, seafood consumption, fishing, aquaculture and conservation 
value) is assessed using the social and economic indicators listed in the framework (Table 1 provides
an example for nutrients). Assessment of impacts is important as it makes the link between the 
ecosystem and the surrounding social and economic systems explicit, thereby allowing managers to 
select management actions that decrease pressures on the natural system, without negative impacts on
the dependent human population.
The current pressure, condition and value ratings are then combined to give an overall priority level 
for pressure management (reduction of pressures), condition management (remediation or
rehabilitation), or ongoing monitoring. All else being equal, systems that have a high human value will
have higher priority than those with low human value; systems that are in medium condition are higher
priority for condition management than those in low condition (as they are easier and less expensive to 
remediate); systems in good condition do not require condition management (require monitoring and 
current/protection management only); and systems with high pressures are a higher priority for 
pressure management than those with medium pressures, which are in turn a higher priority than those 
with low pressures. 
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Table 2. Risk to a system derived from pressure and vulnerability (where 1 is low pressure,
vulnerability and risk, and 5 is high pressure, vulnerability and risk). A system that has low pressure 
and low vulnerability is at low risk, while a system with high pressure and high vulnerability is at high 
risk.
(A) PRESSURE
Risk
1 2 3 4 5
1 1 1 1 2 3
2 1 1 2 3 4
3 1 2 3 4 5
4 2 3 4 5 5
Vulnerability
5 3 4 5 5 5
Table 3. Assessment check. Comparison of the risk and the observed condition provides a check of 
the pressure and condition assessment.
Observed Condition
1 2 3 4 5
1 C C C B A
2 C C B A B
3 C B A B C
4 B A B C C
Risk
5 A B C C C
Where:
A As expected – the results of the condition monitoring match the expected risk to the system.
B The observed condition differs slightly from expected.
C The observed condition does not match the expected in relation to the risk. These situations 
need to be examined in more detail. 
Reporting framework
The reporting framework needs to be sufficiently flexible to meet several levels of information needs. 
The best reporting structure is probably hierarchical, where there are several levels of detail that may
be accessed. The broadest level (with least detail) is an integrated scorecard, where the condition of
each system is rated on a basic scale from A to E (or 1 to 5). The next level of detail includes
assessments of condition, pressure (including vulnerability), impact and responses, whereas the third
level of detail would incorporate assessments of each of the major subcategories within these. 
Recommended management actions, priorities and responses could also be reported in relation to each 
stressor. At the most detailed level, information would be available at the individual indicator level. 
Although this reporting framework may appear unnecessarily complicated at first, the several levels of 
reporting are required to meet the varying information needs of a range of stakeholders.
There are two main ways to report using CAMS, by stressor or PSIR category. Reporting by stressor
allows managers and scientists to assess condition in terms of relevant pressures (in order to identify
the most appropriate management actions for success), assess the human impacts of this condition
(and therefore management priority), and the actions (responses) being undertaken to date. This also 
allows the gradual effectiveness of management actions to be assessed over time, as pressure
indicators will change first, followed by physico-chemical, then biotic and habitat indicators.
Reporting by PSIR category allows simplified assessments (e.g. report card style condition assessment,
A-E) to be made available to the general public, but also allows deeper levels of reporting (e.g. 
separating condition reporting into physico-chemical (water quality), habitat extent and biota
subcategories) for those requiring more detail.
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CONCLUSIONS AND RECOMMENDATIONS
The Coastal Assessment and Management System (CAMS) fulfils the need for an integrated
framework that covers the entire spectrum of coastal assessment and management. The major
advantages of this system are that it: 
? provides a framework for choosing locally relevant indicators (rather than a static list of 
indicators)
? explicitly links pressure, state, impact and response indicators, to facilitate data interpretation and 
management
? provides a method for assessing system value and management priorities and 
? is suitable for use at a variety of scales, from subcatchment to regional, state or national. 
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